Epidemiology is the study of disease occurrence in human populations. The primary units studied are groups of persons and these groups are examined to answer questions relating to aetiology of disease, prevention of disease and to allocation of resources and effort in communities.
The science of epidemiology classically has been employed to study infectious diseases and chronic diseases. With respect to infectious diseases, epi demiological investigations have been employed to define the precise relationship between the agent, the environment and the host. Important epidemiological studies in the field of ophthalmology have looked at trachoma, onchocerciasis and keratitis associated with vitamin A deficiency, 3 of the 4 major causes of blindness in the world. The most recent nonophthalmic example has been in studies relating to mv infection and AIDS.
Epidemiological research into the chronic disabling diseases is a recent phenomenon. Studies have primarily been concerned with the incidence and prevalence of the disease in question, predisposing or risk factors, the interaction of these risk factors with each other to cause disease and finally intervention studies with a view towards prevention. In ophthalmology these studies have been in the areas of age-related cataract, age-related macular degeneration, chronic open angle glaucoma and diabetic retinopathy, the 4 major causes of blindness in the industrialized world.
When studying the chronic disorders, it is crucial that the entity under investigation be accurately defined using detailed criteria. This will allow future investigators to use similar criteria and will also permit possible differences in results to be explained on the basis of the criteria used for inclusion. This is particularly important in ophthalmology where conditions may exist which are neither clinically important nor even particularly obvious. A cataract, for example, can be diagnosed if a minor peripheral cortical opacity exists which does not interfere with visual acuity and is only detected with slit lamp examination after dilating the pupil. It can also be diagnosed when a white mature lens is present rendering the patient virtually blind. A similar situation may exist with age-related macular degeneration. The investigator may detect one or two small drusen (normal aging changes) present in the macular area with normal vision or there may bea subretinal neovascular membrane present with haemorrhage and exudate and associated profound loss of central visual acuity. It is therefore very important to define accurately the entity to be studied before embarking on the investigation and adhere clearly to the criteria established for diagnosis.
If a large number of disorders are being studied, for example when one surveys all patients presenting to an ophthalmic clinic, the !CD classification, 9th revision may be used', This classification was published in 1980 and since then new conditions and disorders have been described which were not included. Hence it is important to constantly modify the classification to bring it up to present day standards. In Leicester, where a survey of the above type has been carried out 2 • 3 , a classification of ophthalmic diseases has been developed by modifyingand updating the basic coding features of the original publication. Either a 4 or 5 digit number can be used: the more digits present, the more precisely defined the condition becomes. For example 362.5 is the code used for degenerations of macula and posterior pole, while 362.51 is the code used for non-exudative age-related macular degeneration.
To collect data for epidemiological studies, the following sources are most frequently used: death certificates (mortality statistics), laboratory data, medical chart review, household surveys and response to questionnaires, disease registers including notifiable disease lists (disease reporting), clinic or hospital based surveys and population based surveys. For ophthalmological disorders the evaluation of death certificates are usually unhelpful while all the other methods have been used extensively. In Leicester, we have developed a 'population laboratory' in the market town of Melton Mowbray and it has proved to be a fruitful source of epidemiological data". The logistics of developing such a study group are formidable, but once accomplished allow for random selection of individuals to be studied, an essential ingredient in any well defined epidemiological investigation.
All observations and measurements whether machine or manmade involve some degree of error and error affects two aspects of data quality -validity and repeatability. Validity or accuracy is a measure of how close the observations correspond to the actual state of affairs while repeatability or reproducibility is a measure of how closely a series of observations of exactly the same thing match one another.
It is essential that data collected for epidemiological studies must be both accurate (valid) and repeatable (reproducible). Hence the importance of precisely defining what one wishes to study and using reproducible criteria and strict sampling methods in performing the study. Ophthalmic photographs including fluorescein angiography are useful methods ofcollecting and storing data to ensure its quality and can be particularly useful when studying ophthalmological disorders.
There are two basic approaches to epidemiological studies, firstly observationaland secondlyexperimental or interventional. Because of the difficulties of performing well controlled experiments on human populations and the relative ease of obtaining observational data, epidemiologists have concentrated on observational studies. The observational type of studies can be subdivided on the basis of their fundamental objectives: (l) descriptive, in which the occurrence of disease or disease related phenomena in populations are described and (2) analytical, in which the observed patterns of the occurrence of the disease are explained by identifying causal or aetiological factors.
Descriptive studies usually involve the determination of incidence, prevalence and mortality or morbidity rates for disease in large population groups. These types of studies usually provide a diffuse, superficial or general view of a disease problem. Prevalence or cross-sectional studies examine the relationships between disease and other variables of interest as they exist in a defined population at one particular time; e.g. how much chronic open angle glaucoma exists in a specific community at one point in time. Incidence studies or cohort studies look more directly at factors related to the development of disease. A study population free of the disease under investigation is defined at a particular time. This group of patients is known as a cohort. These individuals are then followed over a period of time to observe the development of the disease under investigation. In this type of study, stratification or subgroup development often takes place to aid in detailed analysis and to determine risk factors. A third type of descriptive study is the development of a disease registry in which all patients with the condition are registered.
Descriptive studies involve looking at certain characteristics of the affected population. These include person, place and time. Basic demographic and social characteristics of person are important to record. Among them are age, sex, racial or ethnic group, marital status, social or socioeconomic status, religion and occupation. Where disease occurs is also important. Comparison of disease rates in different geographical locations may be particularly useful. The use of international comparisons, regional comparisons within a country. and the targeting of specific areas where a disease occurs (clustering) can provide clues as to aetiology. Of particular interest in ophthalmology are the racial differences in the prevalence of blinding disorders in England with the Asian population exhibiting a higher prevalence of cataract, open angle glaucoma and age-related macular degeneration than the Caucasians". The pattern of disease occurrence over time is often of importance. Short-term, periodic and long-term trends are all valuable to the epidemiologist and provide a view of disease not available from other types of investigations. In the area of infectious disease, the study of epidemics can be particularly beneficial.
Descriptive studies are of fundamental importance. They alert the medical community to the types of persons most likely to be affected by a disease, where the disease will occur and when it might develop. In addition, descriptive studies assist in the rational planning of health and medical care facilities. Finally, they provide clues to disease aetiology and questions or hypotheses for further investigation.
The analytical study, best exemplified by the casecontrol study, is usually prompted by results from a Journal of the Royal Society of Medicine Volume 81 September 1988 531 descriptive study. In this type of investigation specific questions or groups of questions that require an answer are addressed. In the case-control study a group of individuals with a certain condition (cases) are compared to a group without the condition (controls). This type of study is more rigorous and requires careful design and data analysis. It provides an opportunity to study specific variables with the intent of looking for clues as to why certain people develop certain conditions. It is extremely important in the study of blinding disorders of a chronic degenerative nature.
Experimental or interventional studies involve some action, manipulation or intervention and are really the ultimate in epidemiological investigation since they are concerned primarily with testing the efficacy of measures employed to prevent disease. Generally these are planned experiments and include such work as immunization control of infectious disease,use of fluoride in preventing tooth decay and the use of information to control or modify exercise and dietary behaviour and thus reduce the amount of coronary artery disease.
Another form of interventional research is the migration study. This type of study has been of particular interest to those studying multiple sclerosis where regional differences have been important. It has also been used to study coronary artery disease in the Japanese who, in Japan, have little of this condition, but when they migrate to the West, show an increase to equal that of the indigenous population.
Epidemiologists are also always on the lookout for natural experiments which will allow them to study populations who have been exposed to a spontaneous occurrence. The best example of this is the exposure to ionizing radiation received by the population of Hiroshima in 1945. This 'natural' event permitted scientists to correlate different doses of radiation exposure to the subsequent development of a variety of diseases.
Most epidemiological work in blindness prevention has been in the field of trachoma, onchocerciasis and vitamin A deficiency. Risk factors have been studied in the area of age-related cataract, chronic open angle glaucoma, diabetic retinopathy and age-related macular degeneration with extremely interesting results. Ophthalmic disorders and blindness prevention is well suited to epidemiological studies. It should be encouraged and nurtured by the ophthalmic community.
